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Summary

A dilute solid solution of nickel containing
chromium up to 4 _t% in the form of a plate was

_'Sb internally oxidized at temperatures between 900 °
and 1300_C for various times in order to investigate
the growth and structure of the subscale formed.
The results obtained are as follows: (1) The relation-
ship between the penetration depth of oxygen observed
from the growth of the intezmally oxidized layer and
the oxidation time of the alloys was well expressed by
a parabolic law. It may be concluded that the activation
process in internal oxidation is governed by diffusion
of oxygen through the intezuqally oxidized layer.
(2) The s_tivation energy for the growth of the intezmally
oxidized layer decreased with increasing solute content
in the alloys. (3) At high temperatures, the velocity
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of inte_qal oxidation increased, and the relation between
the temperature T and the penetration depth E was expressed
by E Tz. (4) The penetration depth E increased with

increasing oxygen pressure P02 in relation to log E log P02,
and it was explained by SeyboIt's lav_. (5) The higher the
solute content, the more grain boundary diffusion prevailed.
(6) Diffusion constants of oxygen in the internally oxidized
layer were calculated by Wagner's equation. With increase of

the Cr203 content, the diffusion constant of oxygen increased°
This was explained by the interracial diffusion of oxygen

between the nickel matrix and the Cr203 particles.
(7) From the results obtained above, the diffusion constant
of oxygen in pure nickel was deduced.

(Received 22 November 1966.)

I. Introduction

With respect to the phenomenum of inte_qal orida-
tion, 9y_rn since this phenomenum was discovered by
Rhines_1_ in 1940, considerable research has been performed
in the area of high temperature oxidation. For instance,
there are studies of the internal oxidation in alloys
where A1, Si Cr, Ti. Mg, Be and other metals have been
added to Cu(_), Ag{3), or FeI4). With respect to the
internal oxidation of the nickel alloys, Bonis and
Grant(5) have internally oxidized nickel alloys containing
! w_.% Si, A1, Ti, or Cr at 700°-900Oc, measuxing' the
depth of the internal oxIZation layer. Wolf and Evans(6)
also investigated the effect of oxygen pressure on the

._ development of internal oxidation in Ni-A1 alloys. On theother hand, alloys which have been made by the internal
oxidation method have dispersed in their interior very
fine stable particles of oxides, such that this has

prompt_d)a_ new area of study of dispersion-strengthenedalloys Y . From the standpoint of eventually making
nickel dispersion-strengthened alloys, that is, inte_qally
oxidized alloys, the present investigation conducted

internal oxidation _f chromium-beaming nickel at
temperatures of 900 -1300°C, and studied the effects of
internal oxidation time, temperature, oxygen pressure,
and solute concentration on the internal oxidation velocity.
Also since the inte1_qal oxidation is due to diffusion of
oxygen in the nickel, attention was also paid to the
behaviour of the oxygen, and finally, the diffusion
constant for oxygen in pure nickel was deduced.
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II. Experimental Method

The ra_r materials used for the experiment consisted
of better than 99.98% electrolytic nickel and chromium,
better than 99.4%. Chemical analyses of the specimens
are shown in Table 1.

Table 1 Chemical analysis of NI-Cr specimens.

_-...fir content ....

C 1 1.01
C 2 2.24 5.30
C 3 3.06 7.11
C 4 4.0O 9.09

, ,, 1 Q_

In the column _here values are indicated in vol.%,

this is the volume-% of C_'203, into which all of thesolute atoms a_e assu_ed to be internally oxidized.

The melting and casting of the specimens _as
performed with a high-frequency vacuum furnace_
The ingots thus obtained were hot-forged, and homogenized
by annealing for 24 hours at 1100°C in a vacuum, and
then drawn do_rn 1;o 5ram diameter wire. This _ras further
rolled to 3.5mm thickness, aad then cut into 50mm
lengths. The surface was then electrolytiaally polished

...._ in a solution of 50cc hydrogen peroxide and 200cc
glacial acetic acid at 0_C and 1-2 amperes curr_nt,
after which the specimens _ere annealed at il00 C for
12 hours to relieve inte_al stress and to enlarge
crystal size. The surfaces of the pieces were further
electrolytically cleaned before being used for
experiment at ion.

The method of internal oxida_gn consisted of
a modification of the Rhines pack_ _I method, that is,
as shown in Figure 1, equal amounts of Ni powder and
NiO pounder were placed in the end oi" a silie_ tube,
the sample _as placed in the center of the tube, which
was then sealed and evacuated. The tube was then
heated in an electric fu_mace at 900°-1300°C for
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Fig.1 Experimental apparatus.

periods of 6, 129 24, 48, and 72 hou_:s with internal
oxidation resulting from the oxygen releaed by the
decomposition of the NiOo Also as shown in Figure l(b),
the temperatures of the oxygen supplying section and the
sample were varied in order to vary the pressure of the
o_.ygen being furnished for inte_uaal oxidation. After
_ntez_aal ox_.dation _as completed, the tube was broken,
the specimens _rere removed, a cross-section of the specimen
buff-polished, and the depth of the internal oxidation
layer was measured _der an optical microscope.

III. Experlment_l Results

Photo l(a) sho_s the structure of CI as a result
of internal oxidation at il00°C. The deeper progression

._ of internal oxidation with time can be clearly observed.In Figure 2 are shown the results of measurement of
penetration depth with an optical microscope. It is
seen that the depth of the oxidation layer increases
parabolioally _tith time, which characteristic has been
reported previously in the case of internal oxidation
of other alloys_U1.
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Photo.l Micro_tructures of internally oxidized l_11-Cralloys.

(a) Micro_tructure_ of Ni-l.01 wt_Cr alloy_ InternMly oxtdizM for 12.48 and 72 hr at ll00°C.
(b) Micrortrueture_ of Nbl,01 wt%Cr ailoy_ internally oxidized for 12hr at 900%!200 ° nnd 1300'C.
(_') Micr_ttatctttres of Ni-4.00 ,,,,.o_Cf, Ni_3.0_ wt% C_',Ni-0.62 wt_o Cf, internally oxidiz_l for 12 hr at 1200"C.
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In Photo l(b) is sho_rn the result obtained with CI,
where the temperature was varied for an internal
oxidation time of i2 hours. It is seen that the inte_uaal
oxidation layer grows rapidly with increasing temperature,
and the parabolic relation in this case is sho_rn in
Figure 3. It is also seen that the temperature effect is
stronger the smaller the concentration of the solute.

In Photo l(c) is sho_rn the structure of specime[is
with varying Cr content, the inte_al oxidation oeing
performed at 1200°C for 12 hours. In sample C<_, _hlch
has a high Cr content, the progress of inte_uaal
oxidation by granular boundary diffusion can be noted.
These relations are sho_n in Figure 4. It is seen
that there is a tendancy for the depth of the oxidation
layer to decrease parabolically with an increase in the
solute concentration. At the lower temperature of 900°C,
the effect of solute content is not too evident, but the
effect becomes more pronounced _ith higher Cr content.

In Figure 5 is shown the variation involved _hen
the oxygen pressure required for internal oxidation
gradually reaches the decomposition pressure of oxygen
in NiO in the 900°-1300°C temperature range. From the
curve for sample C1, which was internally oxidized at
1300°C for 24 hours, there is a tendancy for the depth
of the internal oxidation layer to increase parabolically
_ith increasing oxygen pressure.

IV. Analysis of Experimental Results

i. Velocity of progression of inte_al oxidation layer

"_ Internal oxidation is a preferred oxidation
phenomenum occuring at high temperatures, and the
following processes can be considered with respect
to the development of the inte__.al oxidation layer.

(a) Reaction, _here oxygen gas, adsorbed at the surface
of the alloy, becomes ionized and penetrates into the
interior of the metal. (b) Reaction where the oxygen
passes through the internal oxidation layer and diffuses
to the oxidation front. (c) Reaction where the oxygen ion
and the solute atom combine at the oxidation front to

form an oxide. The velocity of propagation of the internal
oxidation layer can be considered to be mainly governed
by the slowest of these three processes.
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If (a) is the controlling stage, then

(112)o2
_here [0] is the oxygen in solid solution, and K' is
the equilibz,am constant. Up to the solubility of the
oxygen in the nickel, [0] is proportional to the square
root of the oxygen pressure, and therefore the
velocity of internal oxidation is also proportional

to _ . In the present experiment, the oxygen pressure
_as constant during the internal oxidation, and there_
fore, the depth E of the internal oxidation layer'
should increase linearily _ith time.

If (c) _ere the controlling stage, then

Cr(in Ni)+O(in Ni_ _ Cr20(in Ni)

[Cr203 ]=K"acr. a0 ,

_here K" is the equilibrum constant, and act and ao
are respectively the activities of Cr and 0 in Ni.-
If one assumes then that the condition of the oxidation-
frontdoes not change, then at constant temperature,
the reaction of oxide formation is constant, that is
to say, the oxidation velocity is constant. In this
case also, E becomes linearily related to time.

On the other hand, if (b) is the controlling
stage, the oxygen ion diffuses through the metal

._._ according to the gradient of the concentration orproportional to l/E, and therefore, as is _ell known_
the follo_,,ing parabolic relation applies.

E2=2At=Kt (1)

Here, A is a constant, t is time, and K is the velocity
constant for the internal oxidation. Note that K depends
on the _oudit',on of the inte_aal oxidation layer, that is,
as will be later described, it is proportional to I/Ncr
at cons*ant temperature, and proportional to E and DO
for constant Cr content. The cuz've in Figure 2 seems
to match this parabolic lair, and one therefore can
conclude that (b) may be the controlling stage.

-8-
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Now in attempting to detez_nine K from the slope
of the curves in Figure 6, one first notes that K may
follow Arrhenius' formula, that is

K=Bexp(-Q/RT) (2)

where B is a constant, Q is the activation energy
necessary for the progression of Intez_al oxidation,
T is absolute temperature, and R is the gas oonstant_

Q can be determined from the r=lation between lnK
and i/T, that is the slope of the curves in Figure 7,
and the results are shown in Table 2. It is seeu that
there is a tendancy for K and Q to decrease ?rlth
increasing Cr content(Ncr). The decreas6 of Q in this
case is due to enhancem@nt of oxygen diffusion by
increased dispersed particle density which increases
with NCr.

The decrease of K accompanying an increase in NC_.
is due to the decrease in Q, _;hich means that although _
the oxygen is more easily diffusion NCr is larger than
the oxygen which is supplied to the oxidation front_
such that the cross section of capture of the oxygsn
atoms by the solute atoms increases, and together
the progression of the inte_qal oxidation layer is
thus retarded..

%

:/

I0 20 30 40 b', ,,) I0 80
,_1_,eI lh,1

Fll_,6 _me typical plot_ for _1.,.,' _'f penetration
depth E versus time t of inh,snal oxidation.



60 70 80 90
to_/r ('KI

Fig.7 Logarithmic plot of the intermal oxidation
velocity constant K versu.g reciprocal of
the absolute temperature T.

Table 2 Activation energy 0 for growth of the

......._._ internally oxidized layer In Ni-Cr aUoy_,

Nc,' 0.7 1.14 '1 2.42 ] 3.4, 4.490 , Int,°_Cr at_oCr at_Cr atVoCr at_oCr

keal/mol" 69 66 I 63 I 61 60
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2. Dispersion of oxygen in the dispersion layer

According to Wagner (9), the development of the
internal oxidation layer depends strongly on the
dispersion of the oxygen_ and E can therefore be
expressed in the follo_ing form.

s-2 Oot) (3)

Here, _is a constant, DO is the dispersion constant
for oxygen in an isotropic dispersion layer. Wagner
considered a density distribution such as sho_rnin
Figure 8, and using Fick's dispersion formula, and
considering the diffusion to the oxidation front
of the oxygen in solid solution in the dispersion
layer and the solute atoms,

--f6)

5'o--_v.,{1-erft,/2(DoO'_9/erfr} (4)

N,.,=.,v_;{l -_f(x/2 (v.O ,._/erf(r_,)'_'} (5 )

Here, x is the distance from the surface of the specim, _,

NO and NM are respectively the,densities of oxygen and
solute ab'omsat distance,x, _s)NO is the oxygen density
in the surface layer, NM_s_ is the solute density prior
to internal oxidation, which corresponds to NCr in

_. _'_ the present experiment. DM is the dispersion constant
for the solute atom. One also has

 =Oo/OM (6)

Let us now assume that Just the proper amount
of oxygen and solute atoms have flowed into the
oxidation front to form an oxide, then,

ltin(- Do(ONo/_x),_-,)--
¢.*¢j

lira Iv DM(SNM/OX),,,E+,],-.o (7)

,- 11 -
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Fig.8 _hematie representation of Wagner's
internal oxidation model.

Here, is an infinitesimal distance from E, I-.;is
the mole ratio of the oxygen and the solute atom
in the oxide, that is _; =O/M_ Thm_ substituting
(4) _nd (5) into (7), one has

Nco">/vN_ ) = exp (p) err r/_'/2 exp (r2_) err (r_llt)

(8)

If _"+'_ I Y_o_ I , then approximate.,..,.,_',,"
+++,_ ,)

errr= (2/,+,.)r,exp(r,)=4 (9 )

errn+"'_'+I_exp--(_'+.)2/,+.,',r++,,, ( 10 )

Furthezmore, if (8), (9), and (10) are substituted
into (3), one has

E= _2lv_Z_ot/,.lv_'j,,, ( 11 )

- 12 -



In any event, the above equation derived by Wagner
neglects mechanisms (a) and (9), and assumes that there is

always an amount of oxygen N0(s) at the surface, and that
with the proper s_nount of oxygen and solute atoms for forming

an oxide present, this oxidation takes place immediately,

that is to say, that the oxygen diffusion process is the

controlling mechanism.

As previously described, since oxygen diffusion was

found to be the controlling stage in the experiment, our

analysis proceeded on the basis of Wagnerts formula, but

first let us consider the validity of the condition
.I_

_I, _#2 >>i in the present experiment.

K=4.Oxl0 -9For
sxsmple, for specimen Ci.in Figure 6,

for ll00°C, and therefore E2-4,0xl0 9t. If one uses as an

approximation the diffusion constant for oxygen in pure nickel

by Smithels et al(10), DOll00°C = 2.4xl0-dcmZ/sec,obtained

then from Equation (3), (2 _)2=4.0xlO'9/2.hxlO'8=4/24, or

_=_1-_4 4_< 1. Also using Tyntrynik and Estulln's results(ll),
DII00O C i I
Cr = 2.0xl0"llcm2/sec, one has "#'_; )Z(Do/_)W= 50 >> 1.

Therefore, the conditior,s for deriving Equation (ll) are

s,zfficiently met.

On the other hand, from Equations (1) and (ll), one
has

Do=_N__K/2N_o'_

._ Also, it was assumed at the beginnlug that. the oxygen atoms
diffused through an isotropic homogeneous dispersion layer, but
as csn be seen in Photo 2, there is considerable difference

between the surface layer and the interior with respect to

particle size arLddistribution.

....,.....f&_.,_..,,,, ._ ._..-._.. >...._.._.-_Z_

surface ---* x
Photo.9.Microstructureof Ni-l.Olwt_oCr :_ll,,yinter-

nally oxidized for 2,1hr at 1100'1(;,

- 13 -
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We shall neglect such differences here however, and
attempt to calculate DO in E_uation (12). Here, we
take _ =3/2 since Cr203 is the oxide being formed,
aad the oxygen solubilit_ limit will be taken for No_Sj_12/._
The values thus obtained are sho_m in Figure 9o Note

that normally Cr203 density, should be the abscissa,
but the Cr content was taken s_.nce this does not change
the point of intersection with theabscissa,and the
general character of the graph is not changed although
there is a slight change in the slope of the curves.
It is seen that DO increases with Cr content, that is,
with particle density, the dependence being more
pronounced at the lower temperatures. If D O were
independent of particle density, the cu_'ves in
Figure 9 should be parallel to the abscissa axis
for all tempe.'_tu_r_, but....since DO i_ _o,,.4_io_...... density
dependent, let us divide the internal oxidation layer
into the pure nickel region and the particle region,
and let the activation energies for diffusion through
these two regions be respectively Q1 and _2, then

It can be seen that D O can be expressed as the sum
of the first term, rspreaenting the diffusion of
oxygen in pure nickel, and the second term, which
is dependent on particle density.

.___ It is also seen that in internal oxidation,
grain bou_.da_'y diffusion is active at lower
temperatures(13) and with highe_ solute densities.
In Figure 9, this stronger dependence of DO on NCr
at lower temperatures can be observed. From these facts,
it _muld seem that the larger the number of diffused
particle_, the larger the number of incoherent
boundaries between the particles and the parent phase,
and since these boundary surfaces act the same as
grain boundaries, Do naturally becomes more strongly
dependent on Nc?,(pa_ticle density) at the lower
temperatures. A_ the higher temperatures, however,
grain bounda_ diffusion is no longer effective in
the diffusion of the oxygen, and since volume diffusion
dominates, the dependence of DO on NCr tends to disappear.
In other words, this seems to be the explanation for
the independence of DO from Cr content in Figure 9
at temperatures above 1200°C. There are a few recent
reports(2) concerning the enhancement of diffusion by
the presence of diffused particles.

- 14-
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Fig.9 Effect of Cr content in Ni on the diffusion
constant Do of oxygen in the internally
oxidized Layer.

The value of the diffusion constant extrapolated
to Cr density zero can be considered as the diffusion

constant for oxygen in pure nickel. These values
are given in Table 3. The results by Smithells et al (10
conce_ming the diffusion of oxygen in pure nickel are
also listed for reference. It is seen that our
experimental values are four to six times larger than
their values.

Table 3 Diffu,_ionconstant D of oxygen in pure Ni.L I ,,, ,,

The pre_nt "\ Smlthe|ls & Ransley
T -. investigation T"\\

" 9ooocI?.;;;io-,oc_/__-9oooc' -1-_-1o-,o+m,_
IO00_C[ 69x 10-'o # 950°C 6.8x10-1' j
1100°CI63x lO-t tt IO00°C J 23.6XlO-tl #
1200°c/ 37× 10-= ,P 1050°CI 7&O× lO-te # '
]300°CI 16x IO-T ,P
_ h i, i , i i ....... L
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3. Oxygen diffusion activation energy

Using Arrhenius' fol_ula, DO can be approximately
expressed as follows.

Do = D*exp(-%/RT)

Here, D* is a constant, Q0 is the activation energy for the
diffusion of oxygen in the dispersion layer. From the slopes
of the curves in Figure i0, 04) can be determined, and these
values are given in Table 4.

Temper_. lure (%)

1200 _lO0 inoo 900 BOO

C

oC2

_, xCJ

"J'i_-:Io-' -- I _,cl

IO"°

I0 -t

Y ?0 O0 90

IO_/T _*g)

Fig.10 Diffut;ion constant Do (,[ oxygen in the

._ internally oxidized ]aycl" "versus reci-• *_" procal of the abmlute temperatuer T.

Table 4 Activation energy Oo for diffusion of

oxygen in the intern:ally oxidiT, ed layer.

I i

Q0""C_-_°_,I[0.70_t,o_1.14at°o/__.2"]2at%/3.,]3,.t,°_],4.49at_o
[

kcaVmo:] 08.8 I 66.1, (_::_ 61.0 I 60.6

- 16 -
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Comparing this with the values of Q in Table 2, one
finds that there is a good agreement• This agreement,
that is a comparison of Qo, _hich was based on the
assumption that diffusionVof oxygen _ms the controlling
process, and Q, _hich _;as obtained experimentally without
any such assumption whatsoever, seems further proof
for acoeptlng the premise of the previously described
(b) being the controlling process.

In Figure 11 are sho_ the activation energy values
calculated similarly from the values of D in Table 3.

Temperotur# (eC)
1300 I_00 1103 I000 900

1T--,----"q " , "1
_ oThepteseef Inveltl_flon

• Smlthene,Reeeley
Io" _

_3

i O"l ....

TO 80 90

IO'/T (_KI

FIg.]l Difhmion constant D of oxygen In pure
Ni v¢,r_tm reciprocal of the absolute
temperature T.

It is seen that the diffusion constant fo_ oxygen in
pure _ckel can be expressed as D=1.82<10 exp[-72000/RT],
and that the activation energy is 72 kcal/molo

- 17 -

1969020011-023



The latter value is some 9 kcal/mol smaller than.the
81.4 kcal/mol,9_$alned by Smithell and others( I0 ).
Messner et al _j report a self-diffusion activation
energy of 69.7 keal/mol for a simple nickel crystal.
This value somewhat resembles the 72 kcal/mol figure
obtained in our experiments, and it could be assumed
that oxygen diffuses in nickel in a manner similar to
the self-diffusion mechanism for nickel.

4.Effect of solute density on internal
oxidation velocity

If inte_al oxidation occurs at constant

temperature and for a fixed period of time, then from
.E_uation (11), one obtai_s_a relation between E and
NM _s_, namely E _ i/ _s7 . This expresses the
relation already sho_m previously in Figure 4. This
means that for a given amount of oxygen which has
diffused to the oxidation-front, the collision
probability for oxygen and the _olute atoms increases
only as the square root of NM _s_.

5. Effect of temperature on internal
oxidation velocity

Let us consider an alloy with fixed solute

density which has been internally oxidized for t hours.In thls.case, Do=D*exp(-Qo/RT) , and No_S) varies
as No_S)=XT+Y(X and Y.are constants) In the temperature
range 900o-1300°C (12}, so that Equation (Ii) can be
expressed in the following manner.

in E:(I/2)ln[2(XT+Y)D*/_/Ncr (s)] - Qo/RT

The first term on the right is only weakly dependent
on temperature so that in E and I/T are linearly
d_pendent. When the data in Figure 3 is replotted
in terms of in E and i/T, this relation becomes quite
evident. This means that the factor DO is mainly
responsible for the temperature dependence of the
internal oxidation velocity. The relation between E

and DO is_ from the above equation, E2o_DoO_exp( Qn/
in other words, the internal oxidation velocity - __RT),
increases exponentially with the temperature.
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6. Effect of oxygen pressu_'e on the internal
oxidation velocity

Generally speaking, Seybolt's rule holds for
the adsorption of gases by metals, that is,

02 _ 20(in Ni)

or No/tPTrP' o2
_here k'=(a0)2/poo_ and a0=N 0. Substituting this
into Equation (li_, one has

21n E=lnE2Dot V/Er_ NCr (s)i] * J_ _ _Oz

In Fiaure 5 in the current experiment, if the internal
oxidation tempe_'ature is lo_er than the NiO
decomposition temperature, for instanc_ say the
internal oxidation temperatu_'e is 1100_C but the
NiO decomposition temperature is higher than li00°C,
there is some scattering of the data poinbs. This

is probably due to the fact thatlt_e oxygen pressure
at the surface is higher' than NO _j, such that
internal oxidation is occurring simultaneously with
the oxidation of the parent nickel phase. On the
other hand, when the inte_aal oxidation temperature
is lo_er than the NiO decomposition temperature,
for, instance if the inte_al oxidation temperature

_._ is 1300°C, then E is proportional to log P02 and it. increases 9arsbollaally. If this relation Is replotted
in terms of in P02 and in E, one has a linear' relation,
_fhich agrees _;ith-the above derived formula. In any
event, _;hen the oxygen pressure is less than the
solubility, Seybolt's rule holds and in E is proportional
to Ln P02, since the oxygen molecules becomes atoms
and dissSlve in the nickel.

19a i i
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Vo Conclus ions

Nickel alloy bearing 0.62 to 4 wt% Cr was inte_uaally
oxidized at temperatures of 900 ° to 1300vC, the progress
observed, with the following results being obtained.

(i) The internal oxidation velocity varied
parabolically with time. This meant that the diffusion
of oxygen through the internal oxidation layer' _ras
the process controlling the progress of internal
oxidatlon.

(2) The inte_mal oxidation velocity increased with
higher' inter_al oxidation temperatures, the relation
bet_;een the temperature T and th_ depth of the oxidation
layer E being found to be E c_ T_. This was considered
to be due to the temperature dependence of _he diffusion
constant for' oxygen in the internal oxidation layer.

(3) The internal oxida$icn velocity was larger
for lower solute d_dg_n__ityN s_s), the relation being
roughly E _ i/V_M _ . AISo the internal oxidation
velocity constant K and the activation energy Q were
smaller' for' larger solute densities.

(4) The higher the solute atom density, the more
significant was internal oxidation due to grain
boundary diffusion.

(5) Using Wagner's formula E=[2No(S)Dot//NM(S)] 1/2,
when one calculates the diffusion constant DO of oxygen

._ in the dispersion layer from the inte_al oxidation
velocity constant K, one finds that the diffusion constant
is large for high dispersed particle density, and that
this trend is more pronounced at lower internal oxidation
temperatures. This is assuaged to be due to the fact
that the boundary bet_reen the oxide particles and the
parent metal phase tends to enhance diffusion.

(6) From the diffusion constant DO for oxygen
in the dispersion layer, one can calculate the diffusion
constant for oxygen in pu_'e _ickel. This is

D=l.82x104exp(-72000/RT) cm2/sec
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(7) When the osygem pressure ms less thao_ the
solubility of oxygen in nickel, the depth of the inte_mal
oxidation layer increases with bhe oxygen p_'essure as
log E log P02. This is assumed to be due to the f_ct
Seybolt's rule holds with i,espect to the infusion of
oxygen gas into the nickel.
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